Abstract: Canola (Brassica napus L.) productivity is severely affected by various biotic and abiotic stresses such as insects, pathogens, drought, and cold. Characterization of genes with specific effects on particular stress responses is one of the long-term goals for B. napus genetic improvement. Here we explored the roles of Brassica napus myrosinase-associated protein 1 (BnMyAP1), which was highly represented (expressed) in a B. napus subtractive library developed after leaf damage by the crucifer flea beetle [Phyllotreta cruciferae (Goeze)]. Expression of BnMyAP1 was under different developmental control in B. napus, but it was co-induced in B. napus by flea beetle feeding, Sclerotinia sclerotiorum (Lib.) de Bary infection, drought, and cold. A total of 20 BnMyAPs were represented in different B. napus stress and development expressed sequence tag libraries and indicated larger, more diversified families than were previously known. Overexpression of BnMyAP1 in Arabidopsis thaliana (L.) Heynh. resulted in an increased survival ratio (63%-90%) compared with that of the controls (15%-20%) after S. sclerotiorum infection, which suggests that BnMyAP1 could be used to protect B. napus oilseed and vegetables from the S. sclerotiorum disease.
Introduction
Glucosinolates are secondary metabolites characteristic of the Brassicaceae family and feeding stimulants to some insects (Louda and Mole 1991; Rask et al. 2000) . Some of their hydrolysis products are claimed to function in defense against generalized herbivores and both substrate and product are implicated as factors in host plant recognition by specialized insects (Giamoustaris and Mithen 1995) . Glucosinolates possibly also affect interactions between plants and fungi (Mithen 1992; Giamoustaris and Mithen 1997; Manici et al. 1997) .
Myrosinases (thioglucoside glucohydrolases, EC 3.2.3.1) catalyze the hydrolysis of glucosinolates, which decompose into isothiocyanates, thiocyanates, epi-thiocyanates, or nitriles depending on the epi-specifier protein involved (Tookey 1973; Kuchernig et al. 2012) . Proteins binding to myrosinase-like myrosinase-binding proteins (MBPs) have been implicated in the stability or enzymatic properties of myrosinase (Lenman et al. 1990; Falk et al. 1995; Taipalensuu et al. 1996 Taipalensuu et al. , 1997 Andreasson et al. 1999) and MBPs are necessary for myrosinase isozyme complex formation in rapeseed seeds (Eriksson et al. 2002) . However, down-regulation of MBP does not affect cotyledon feeding damage by Phyllotreta undulata (Kutsch.) flea beetles (Eriksson et al. 2002) and volatiles in the leaves of Brassica napus L. cultivar AC Excel (e.g., benzene propane nitrile and phenylacetaldehyde) are neutral or cause only weak responses by crucifer flea beetles [Phyllotreta cruciferae (Goeze)] (Pivnik et al. 1992; Gruber et al. 2009 ). Moreover, the role of other myrosinase-associated proteins (MyAPs) with affinity for myrosinase complexes in biotic stress and the extent of their relationship with glucosinolates are completely unknown.
Canola (B. napus) is an important oil crop in Canada and its production is severely affected by various biotic and abiotic stresses including flea beetle, Sclerotinia sclerotiorum (Lib.) de Bary, drought, and cold. Therefore, the long-term goals of B. napus improvement include identification of specific genes with effects on particular stress responses. Previous study has showed that a Brassica nappus myrosinase-associated protein (BnMyAP1) was highly represented (expressed) in a B. napus subtractive library developed after leaf damage by the crucifer flea beetle (P. cruciferae) (Gruber et al. 2012) . Here, we further explored the roles of the glucosinolate-related BnMyAP1 and found that it was not only highly induced by flea beetle feeding, but also strongly induced under S. sclerotiorum infection, drought, and cold conditions. However, transgenic Arabidopsis thaliana (L.) Heynh. plants with overexpression of BnMyAP1 only improved survival after S. sclerotiorum infection.
Materials and Methods

Plant material
Expression analysis, bioassays, and expressed sequence tag (EST) library development for B. napus were conducted using the double haploid line DH12075 (derived from a cross between the blacklegresistant canola cultivar Cresor and the susceptible cultivar Westar (G. Seguin Schwartz and G. Rakow, formerly of the Saskatoon Research Centre of Agriculture and Agri-Food Canada, Saskatoon, SK). Transgenic A. thaliana overexpression (OE) lines were developed in a Columbia (Col-0) ecotype.
EST subtraction library development, screening, and bioinformatics
Total RNA was isolated with guanidine hydrochloride from undamaged 8-wk-old B. napus leaves and from flea beetle (FB)-damaged B. napus leaves of the same age. Leaves were damaged to 10%-20% of the tissue mass after a 24 h laboratory feeding bioassay using wild P. cruciferae flea beetles collected from a turnip field in Saskatoon. The two sets of RNA were treated with RQ1 RNAase-free DNAase (Promega, Madison, WI) and poly (A) + RNA isolated using Oligotex (Qiagen, Toronto, ON) following the manufacturer's instructions. The cDNA synthesis and subtraction were performed according to the protocol provided in the polymerase chain reaction (PCR)-select cDNA subtraction kit from Clontech Laboratories (Mountain View, CA). In brief, the tester (damaged tissue) and driver (undamaged tissue) cDNA populations were digested separately with Rsa I to obtain shorter (∼100-1200 bp), blunt-ended molecules. Tester cDNA was ligated to different adaptors to create two tester populations, which were hybridized separately with excess driver cDNAs to generate the templates required for PCR amplification of differentially expressed cDNAs. PCR subtractive amplicons were cloned in a pGEM-T easy vector (Promega, Madison, WI). The subtraction library was annotated by Basic Local Alignment Search Tool (BLAST) analysis to The Arabidopsis Information Resource and analyzed by bioinformatics according to Gruber et al. (2012) . Other B. napus stress or development EST libraries identified in Gruber et al. (2012) were developed using a modified pSPORT vector and the SuperScript® Plasmid System with Gateway Technology (Thermo Fisher Scientific, Waltham, MA). All EST libraries were deposited to http://brassicagenomics.ca. BnMyAP sequences detected in the FB leaf subtractive library were assessed for representation and homologues in other EST libraries using reciprocal best hit BLAST analysis (Moreno-Hagelsieb and Latimer 2008). Alignments of translated sequences for BnMyAPs were performed using the BioEdit multiple sequence alignment program (http://www.mbio.ncsu. edu/bioedit/bioedit.html).
Transformation of A. thaliana with BnMyAP1 binary vectors
BnMyAP1 full-length coding regions (GenBank access no. KM821274) were amplified by PCR from cDNA of 8-wk-old B. napus leaves using primers described in Supplementary Table S1. 1 Amplicons were sequenced and those specifying BnMyAP1 were then cloned as XbaISstI fragments downstream of the CaMV 35S promoter in binary transformation vector pBI121 (Clontech). The binary plasmids were introduced into Agrobacterium tumefaciens (Smith & Towns.) Conn by electroporation. For plant transformation, wild type (WT) A. thaliana seeds were sown on a wet masked soil mixture in pots. Pots were placed in the dark at 4°C for 2 d and then moved to an environmentally controlled greenhouse at 22°C with 16 h light and 8 h dark supplemented with halogen lamps. For plant transformation, flowering A. thaliana plants were transformed with the A. tumefaciens using the floral dip method (Clough and Bent 1998) .
Molecular analysis
T 1 transgenic A. thaliana plants were selected by growth on kanamycin and detection of the transgene fragment after PCR analysis with specific primers (Supplementary Table S1) 1 using genomic DNA isolated from rosette leaves by alkaline lysis (Klimyuk et al. 1993) . Seed from 10 independently transformed T 1 plants (BnMyAP1-OE) selected by PCR of the transgene were used to develop T 2 homozygous plants used for bioassays.
For Northern blot analysis of transgenic or nontransgenic plants, tissue samples were collected from a range of developmental stages or stress treatments (detailed below), then frozen immediately in liquid N 2 . Total RNA was extracted from tissues as described by Sambrook et al. (1989) and separated on 1% agarose gels (30 μg per lane for B. napus; 10 μg for A. thaliana). Northern membranes were prepared and hybridized as described by Sambrook et al. (1989) . Probes were prepared from PCR products developed using specific primers detailed in Supplementary Table S1 , 1 then labeled with 32 P-Deoxycytidine triphosphate (dCTP) as above. Membranes were washed twice at 65°C in 2× salinesodium citrate (SSC) -0.5% sodium dodecyl sulfate (SDS) for 15 min each and then for 30 min at 65°C in 0.2× (SSC) -0.5% SDS with gentle shaking, followed by exposure to X-ray film for 3 h. The Northern blots were replicated twice using independent RNA preparations.
Flea beetle feeding assays
Adult P. cruciferae flea beetles (from a spring population) were collected and maintained in whitewalled cabinets (housed in clear plastic cages) on cabbage and water for up to 1 wk at 20°C, 16 h photoperiod, 100 μmol m −2 s −1 , then starved for 24 h prior to using them. To obtain FB-damaged leaves (for subtraction library development and Northern blots) and cotyledons (for Northern blots), B. napus plants were grown in a soilless mixture in 10 cm pots in a greenhouse supplemented with halogen lamps for 8 wk (for leaves). To test B. napus seedling damage by FB, 1 wk-old seedlings were grown in small cylinders (for cotyledons). Plants and seedlings were pre-selected for uniformity and then evenly spaced in a foam-based arena placed inside a 50 cm × 50 cm × 50 cm clear plastic cage and exposed to 400 flea beetles per cage for 0-24 h in an uniformly lit, white-walled, controlled environment chamber (20°C, 16 h photoperiod, 100 μmol m −2 s −1 , 65% relative humidity). Damage on leaves or cotyledons was scored using a rating scale from 0 (denoting no damage) to 10 (denoting the entire tissue destroyed) as described in Palaniswamy et al. (1992) . Thus, a rating of 1 was assigned if approximately 10% of the area of the tissue was damaged. Leaf and cotyledon tissues were collected and frozen in liquid N 2 , then stored at −80°C. For bioassays on transgenic A. thaliana expression lines and nontransgenic lines, eight T 2 seedlings per transgenic line, plus WT and empty vector control lines were grown in randomized rows for 12 d in the same white-walled growth cabinet in 96-well microtitre plate arenas; then bioassayed with 50 FBs per arena fitted with a modified top and scored after 24 h for damage as described in Hallett et al. (2005) . Each bioassay experiment was repeated three times.
Cold and freezing bioassays
One-week-old transgenic and nontransgenic A. thaliana seedlings grown in Murashige & Skoog (MS) medium were placed in a 4°C chamber with a 16 h photoperiod (approximately 100 μmol m
) for 24 h. Non-acclimated 7-d-old T 2 transgenic A. thaliana seedlings and cold-acclimated transgenic plants were grown in Petri dishes with MS medium. Plants were placed at −2°C in the dark in a controlled-temperature freezing chamber for 3 h, after which freezing of the plates was nucleated with ice chips as previously described (Vogel et al. 2005) . The plants were then incubated an additional 21 h at −2°C followed by −5°C for 24 h. The temperature was then raised to 4°C for 24 h and plants allowed to recover at 24°C for a further 48 h in continuous light (100 μmol m −2 s −1 ). The entire experiment was repeated three times in a randomized design and then scored for survival.
Mechanical wounding assay
Seeds of B. napus were sown in potting medium and grown in greenhouse pots at 22°C with 16 h light and 8 h dark supplemented with halogen lamps for 4 wk. Fully expanded leaves of the plants were punctured with sterile forceps and post-wounded plants incubated for 1 h.
Drought tolerance bioassay
Transgenic and nontransgenic A. thaliana plants were grown in a soilless potting mixture (one plant per pot, 40 pots per flat) in a greenhouse at 22°C with 16 h light and 8 h dark supplemented with halogen lamps. After 3 wk of growth with one watering per day (until draining), water was withheld for 9 d and then all pots were re-watered daily (until draining) and plant re-growth was scored 4 d later (Haake et al. 2002) . The bioassay was laid out in a randomized design with 20 plants per line and four biological replicates.
Sclerotina sclerotiorum infection test
A modified S. sclerotiorum infection method was used based on a spray bioassay previously described by Pedras and Ahiahonu (2004) . Transgenic and control A. thaliana seedlings were grown in a potting mixture (five seedlings in one pot representing one line) with pots placed in a randomized design in 50 cm × 25 cm trays (4 pots per line, 50 pots per tray). Sclerotina sclerotiorum was obtained from Dr. F. Yu at the Saskatoon Research Centre and liquid cultures were initiated with five sclerotia per 100 mL of potato dextrose broth media and shaken (110 rpm) at 20°C for 7 d. Trays of 3-wk-old A. thaliana plants were uniformly sprayed for 1 min with the fresh S. sclerotiorum inoculum (500 mL per tray) using a hand sprayer. The pots were then incubated in a growth chamber at 24°C for 7 d and examined visually for disease symptoms and survival.
Statistical analysis
Analysis of variance was conducted using least significance difference tests in SAS version 9.0 (SAS Institute, Inc. 2001, Cary, NC). Means (± standard error) were separated using t-tests at P < 0.05.
Results
A survey was conducted of genes induced in a FB-damaged leaf subtractive EST library developed from 8-wk-old B. napus leaves damaged by crucifer FB feeding. ESTs coding for a myrosinase-associated protein BnMyAP1 were much more strongly represented in this library than in a wide range of other B. napus tissuespecific or stress-responsive EST libraries (Table 1) . In fact, BnMyAP1 from the FB leaf subtractive library (0.62%) were also weakly represented in two B. napus etiolated seedling libraries (0.07% and 0.02%), an apical meristem library (0.02%), a leaf drought library (0.03%), and a FB-damaged cotyledon library (0.03%); and moderately expressed in a S. sclerotiorum infected stem library (0.18%) and mechanical-wound leaf subtractive library (0.43%). The closest homolog, BnMyAP2, (0.08% in FB leaf subtractive library) of BnMyAP1 weakly represented in two etiolated seedling libraries (0.02% and 0.02%), a mature flower bud drought library (0.03%), and a cotyledon library (0.05%); and moderately expressed in a mechanical-wound leaf subtractive library (0.32%). We predicted that the BnMyAP1 gene as the major representative of BnMyAPs in the FB leaf subtraction library and the unique representative in the S. sclerotiorum infected may function mainly in FB host plant interactions and may also function in fungus (S. sclerotiorum) tolerance.
MyAP genes comprise gene families in B. napus
The B. napus FB-damaged leaf subtractive library included a total of 85 MyAP ESTs. These ESTs were classified into distinct genes using the criteria that ESTs represented the same gene if sequences were ≥90% identical (out of a total of 200 bp) (Bailey et al. 1998 ). The FB leaf subtractive library contained two MyAP proteins that clustered into one subgroup within four major groups comprising all BnMyAP proteins found in this study (Fig. 1A) . BnMyAP1 (with the most highly represented set of ESTs) appeared equally similar to an A genome ancestor protein from Brassica rapa L. (BrMyAP1; Bra037954; http://brassicadb.org/brad/; Supplementary Table S2),   1 whereas BnMyAP2 appeared most similar to one of the C genome ancestor proteins from Brassica oleracea L. (BoMyAP1, Bol039076, http://brassicadb.org/brad/; Supplementary Table S2 ).
1 And these four proteins are closest to Arabidopsis gene AT1G54020.2, which suggests they are derived from the same ancestor gene (Fig. 1B) . Eighty-five MyAP ESTs represented a family of 20 proteins spread across the libraries (Table 1 ; Fig. 1A ; Supplementary Fig. S1 1 ; Supplementary Table S2  1 ) . MyAPs were not represented in the cold-acclimated libraries and the most diverse sets of MyAPs occurred in libraries made from roots, etiolated seedlings, and drought stress (Table 1) .
BnMyAPs are differentially regulated during development and stress
The BnMyAP1 (8 ESTs) was most enriched in a FBdamaged subtractive leaf library and uniquely expressed in a S. sclerotiorum-infected stem library, compared with other members of the MyAP gene families. Hence, we were curious to find out how this particular gene responded to other forms of stress. A number of different-sized RNA species (bands) were detected in undamaged B. napus leaves with the BnMyAP1 probe (Fig. 2) . All of these RNA species were strongly detected in FB-damaged leaves and moderately detected in S. sclerotiorum-infected and mechanically wounded leaves (Fig. 2) . One of the transcripts was also induced by dehydration and by 7 h of continuous cold shock, while a different sized band was transiently induced early on during cold treatment and not detected at a later time point (Fig. 2) . Neither of the cold-acclimated EST libraries showed any representation of MyAP genes. These results indicated that the BnMyAP genes were differentially regulated but indeed responded strongly to FB feeding and S. sclerotiorum infection, which is consistent with representation in the EST libraries (Table 1) .
Because cotyledons are critical tissues impacted by FB damage to the canola crop (Lamb 1984) , we also conducted additional laboratory bioassays and Northern blots on cotyledons fed upon by FBs. Here, the expression of BnMyAP1 was steadily increased from 2 to 4 h in cotyledons after FB feeding, then expression peaked between 4 and 16 h and declined by 24 h of feeding (Fig. 3) .
To confirm whether BnMyAP1 was also subject to tissue or development constraints, Northern blots were conducted on a range of tissues. A number of RNAs for BnMyAP1 were very strongly accumulated in undamaged cotyledons, seedling leaves and stems, open flowers, and a fewer number of these bands were also strongly expressed in mature 8-wk-old leaf petioles (Fig. 4) . However, BnMyAP1 was barely detectable in seedling root and 8-wk-old fully expanded leaves and not in vegetative stems (Fig. 4) . These results were only partially consistent with representation in the development EST libraries. Here, BnMyAP1 appeared in apical meristem and not in any other tissues (likely because of different tissues), while a broad assortment of MyAP family members appeared in the root and flower bud libraries (Table 1 ). These data indicate that BnMyAP1 transcription is under mainly strict, developmental control in different tissues, but has overlapping stress response profiles.
Expression of BnMyAP1 in transgenic A. thaliana and impact on flea beetle feeding, dehydration, and cold Because BnMyAP1 was most highly induced by FB feeding and moderately induced by drought and cold temperatures, we tested whether it can impact plant responses to these three types of stress when expressed in transgenic A. thaliana. Therefore, 54 BnMyAP1 overexpression lines (BnMyAP1-OE) were developed by transfection of A. thaliana with an A. tumefaciens binary vector ( Supplementary Fig. S2 ).
1 These plants were confirmed by PCR using primers that amplified the transgene fragment (a small number of representative lines shown in Supplementary Fig. S3 ).
1 We manipulated this model (A) MyAP family members used in these phylogenetic trees are shown in the alignment in Supplementary Fig. S1 . 1 (B) Alignment of BnMyAP1, BnMyAP2, and their ancestor orthologues BrMyAP1 and BoMyAP1, and the A. thaliana orthologue AT1G54020.2. [Colour online.] plant rather than B. napus, as A. thaliana is responsive to the crucifer FB (Hallett et al. 2005) , genetically close to B. napus (Parkin et al. 2005) , and grows more quickly than Brassica crops. Representative Northern blots showed that the expression of the transgene in 10 selected single transgene BnMyAP1-OE expression lines varied strongly and the BnMyAP1 probe showed two transcripts in most of the transgenic lines (Fig. 5) . However, FB feeding, drought, and freezing bioassays on these lines showed no phenotype differences compared with WT control A. thaliana or transgenic control A. thaliana expressing an empty vector binary vector (data not shown). As no Salk knockout lines were available to test A. thaliana MyAP phenotypes at the time of investigation, there were no Salk lines tested for AT1G54020, which is the A. thaliana orthologue of BnMyAP1 (Fig. 1B) .
Expression of BnMyAP1 improves A. thaliana resistance to S. sclerotiorum In addition to transcript enhancement after FB feeding, drought, and cold, S. sclerotiorum infection also caused very strong increases in BnMyAP1 expression in B. napus seedlings. Therefore, bioassays were conducted to determine whether transgenic A. thaliana expressing this B. napus gene could improve tolerance to S. sclerotiorum. All three BnMyAP1-OE transgenic lines (nos. 22, 54, and 60 with moderate-to-strong transgene expression) showed greater seedling survival after S. sclerotiorum infection compared with WT or empty vector transformed plants (Fig. 6) . The strongest resistance was provided by the no. 22 line (mean of 90% survival), followed by the no. 54 line (mean of 68.0% survival), and the no. 60 line showed a mean of 63% survival rate in response to S. sclerotiorum. Variation for seedling survival was higher in individual transgenic lines than in control lines (Fig. 6) .
Discussion
Tissue and (or) stress specificity and diversity of the BnMyAP gene family A survey of expressed genes in a B. napus FB-damaged leaf EST library revealed an abundance of transcripts Fig. 2 . Representative Northern blot analysis of BnMyAP1 expression in B. napus leaves after different stress applications. Bottom panel shows ethidium bromide stained rRNA shown as a gel loading control: (1) no stress; (2) crucifer flea beetle feeding; (3) mechanical wounding; (4) S. sclerotiorum infection; (5) dehydration; (6) cold shock 1 h; (7) cold shock 2 h; and (8) cold shock 7 h. Probe was hybridized with membrane overnight and membrane was exposed to film for 3 h. Fig. 3 . Representative Northern blot analysis of BnMyAP1 in B. napus cotyledons fed upon by crucifer flea beetles. Bottom panels show ethidium bromide stained rRNA shown as a gel loading control. Probe was hybridized with membrane overnight and membrane was exposed to film for 1 h. (9) 8-wk adult petiole. The probe was hybridized with a membrane overnight and membrane was exposed to film for 3 h.
for MyAPs. An expanded search for these genes within our Brassica EST libraries revealed a gene family consisting of at least 20 MyAP genes (derived from ESTs) that each are differentially expressed in different tissues, developmental stages, or in response to different stresses. This gene family is comprised of four subgroups of genes. This data indicates a much larger gene family for MyAP than was previously reported in the crucifers (Taipalensuu et al. 1996 (Taipalensuu et al. , 1997 . Individual sequences may be diversified to fit local conditions in individual tissues or under specific stress conditions. However, more closely related MyAPs may also have some overlapping roles or functional redundancy, as our data shows that representation of individual BnMyAP genes is not completely unique to each tissue or stress.
Although the specific biochemical function of MyAPs is not clear, the literature reported for these genes is consistent with the stress and development profiles we saw in our EST libraries and expression studies. In previous reports, MyAP4 (not the same as BnMyAP4) and MyAP5 (not the same as BnMyAP5) transcripts were shown to be wound-inducible and methyl jasmonate inducible, and wound-inducible transcripts of iMyAP9 (not the same as BnMyAP9) and iMyAP12 (not the same as BnMyAP12) were developmentally regulated in various vegetative organs in B. napus ( Supplementary  Fig. S4 1 ; Taipalensuu et al. 1996 Taipalensuu et al. , 1997 . Moreover, diverse transcript sizes were recovered in expression analyses using the BnMyAP1 probe. This could be due to our probe detecting transcription of multiple genes represented in many of the EST libraries. However, multiple transcript bands in S. sclerotiorum infected seedlings may also come from the same gene, as transcripts for only one MyAP gene (BnMyAP1) were recovered in a S. sclerotiorum stem infected library. Multiple transcripts from other MyAP genes are also known in the A. thaliana genome (http://www.arabidopsis.org/). MyAPs have been found in high molecular weight complexes composed of MBP and myrosinase isozymes, which vary in a temporal and tissue-specific manner (Härtel and Brandt 2002) . Each protein of our 20 recovered BnMyAPs may potentially associate with a specific myrosinase and glucosinolate to produce a unique, biologically active product. For example, BnMyAP1 may potentially produce a leaf-specific end product that is either attractive to FBs or at least not defensive against FB feeding (Gruber et al. 2009) , as this gene appeared with high frequency in the FB-damaged leaf library and B. napus leaves are a host tissue for FBs (Feeney et al. 1970) . Diversity of myrosinase genes, MBPs, epi-specifier proteins, and glucosinolate profiles is already known for cruciferous plants (Thangstad et al. 1993; Fahey et al. 2001; Reichelt et al. 2002) . Error bars indicate significant error (n = 4). Analysis of variance and a post hoc t-test were conducted such that the same letter indicates no significant difference of the means at P < 0.05.
Expression of BnMyAP1 improves tolerance to S. sclerotiorum infection
Although BnMyAP1 were nearly unique among their gene family members in their strong response to FB feeding, transgenic A. thaliana plants expressing BnMyAP1 did not improve resistance to FB feeding. And also it did not improve tolerance to drought or cold, although it was strongly induced by these conditions in B. napus. In contrast, the expression of the BnMyAP1 transgene in A. thaliana strongly improved survival after S. sclerotiorum infection. It may be because BnMyAP1 is completely unique in response to S. sclerotiorum infection, but its unproven biochemical function limits our understanding. However, the binding of BnMyAP1 to myrosinases in enzyme complexes, coupled with strong tolerance to S. sclerotiorum in the BnMyAP1-OE lines, suggest that BnMyAP1 may play a role in S. sclerotiorum tolerance through regulating indole-glucosinolate levels and (or) patterns. One study showed one of the TU mutants with altered glucosinolate patterns, the TU3 line, had a lower infection rate than the WT to clubroot disease caused by the obligate biotrophic fungus Plasmodiophora brassicae Woron. (Ludwig-Müller et al. 1999) .
Testing individual BnMyAP gene knockout Salk lines and other A. thaliana lines transformed with remaining members of the BnMyAP gene family and bimolecular complementation studies to find other interacting proteins are important to determine the full scope of involvement of the BnMyAP family in S. sclerotiorum resistance and other tolerances, such as flea beetle feeding, cold, and drought.
Conclusion
ESTs for a myrosinase-associated protein (BnMyAP1) were highly represented (expressed) in a B. napus subtractive library developed after leaf damage by the crucifer FB (P. cruciferae). Expression of this gene was under different developmental control in B. napus and it was co-induced in B. napus by FB feeding, S. sclerotiorum infection, drought, and cold. A total of 20 BnMyAP genes represented in different B. napus stress and development EST libraries indicated larger, more diversified families than previously known. The increased survival after S. sclerotiorum infection in transgenic A. thaliana suggests that BnMyAP1 plays a role in S. sclerotiorum tolerance through regulating indole-glucosinolate levels and (or) patterns. Our transgenic lines and ESTs now provide tools with which to open a door into understanding BnMyAPs' functions and relationships. The maintenance of S. sclerotiorum tolerance in overexpression transgenic A. thaliana also points to a practical use for this gene and a need for testing its ability to protect B. napus oilseed and vegetable from fungus disease.
